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Cryptosporidiosis is an important zoonotic disease concern requiring safe and specific methods of diagnosis. Cryptosporidium parvum infections are highly prevalent among young calves worldwide, especially in those around 2 weeks of age. 8 In a US study, Cryptosporidium was found in 32% of 860 bovine enteritis cases and, in 16% of the cases, was the only pathogen present. 13 Cryptosporidium parvum may also be found in calves with normal formed stool. 15 Clinical disease ranges from asymptomatic to profuse watery diarrhea. Although C. parvum infections are generally self-limiting, infections in the very young or immunocompromised host are often debilitating and sometimes fatal. Fecal-oral contamination is the most common route of transmission. There are no effective chemotherapeutic agents available to treat cryptosporidiosis.
The scientific literature is replete with diagnostic procedures for the detection of Cryptosporidium in feces. DNA amplification by the polymerase chain reaction (PCR) is probably the most sensitive assay, detecting 100-1,000 oocysts per gram of feces. 10 However, this procedure is time consuming, and the necessary reagents are costly. Immunofluorescent antibody staining (IFA) is used more frequent-ly than PCR, but it also is relatively costly and displays low sensitivity, requiring as many as 50,000-500,000 oocysts per gram of feces for samples to give a positive reaction. 16 Negative staining and various modified Ziehl-Neelsen (ZN) acidfast (AF) methods have been the topic of many studies. 3, 9, 14 The ZN AF staining method, first used to detect Cryptosporidium oocysts in feces in 1981, 11 is probably the most widely used method because of its simplicity and low cost, 7 although it too displays low sensitivity in feces (requiring 500,000 oocysts/g). 16 Several fluorescent stains have also been employed for the detection of Cryptosporidium that exhibit potentially higher sensitivities (lower signal to noise ratio) than the AF stain. However, the AF stain allows for identification of other AF pathogens within a sample (i.e., Cyclospora), resulting in an advantage over both IFA and flourescent stain detection methods.
Many coccidian parasites, such as Isospora, Eimeria, and Cyclospora, exhibit autofluorescence when unstained wetmount preparations are viewed under ultraviolet (UV) light. Examination of unstained fecal smears under UV light (365 nm) is more sensitive than AF staining for the diagnosis and confirmation of Isospora and Cyclospora. 1, 6 Cryptosporidium does not exhibit autofluorescence in unstained smears. However, when AF stained and examined under UV light with a 540-560-nm (rhodamine) filter, C. parvum oocysts will fluoresce brightly.
Twenty-five previously screened fecal samples deemed positive by AF staining under brightfield light were further evaluated. Samples were prepared by smearing feces over an approximately 2.5-ϫ 3.0-cm area of a clean glass slide, air drying, and fixing in 100% methanol for 10 minutes. Fixed slides were air dried and then stained for 3 minutes in cold carbol fuchsin, a rinsed in tap water, decolorized (3 ml concentrated HCl, 97 ml 100% ethanol, and 100 ml distilled water) for 30 seconds, rinsed in tap water, counterstained for 1 minute with brilliant green, a rinsed in tap water, air dried, and coverslipped with synthetic mounting medium. b Stained slides were examined by light microscopy c at 400ϫ magnification under brightfield and UV (540-560 nm) illumination. The number of visible oocysts in 5 random fields on each slide were counted and averaged. The difference between the average number of oocysts enumerated under brightfield light microscopy versus the average number of oocysts enumerated under UV light microscopy was determined by a 2-tailed t-test, and significance was assessed at P Ͻ 0.01.
Under brightfield light, C. parvum oocysts stained varying degrees of red (AF staining) on a blue-green background (Fig. 1a) . Stained oocysts were round and 4-6 m (ocular microtomy) in diameter and occasionally contained dark internal structures (apical complexes, sporozoites). Variable numbers of ''ghost'' oocysts of the same shape and size as typical stained oocysts but lacking color and internal structures were also observed. Under UV light (540-560 nm), both stained and ghost oocysts fluoresced a bright red to white against a deep red to black background, with most oocysts showing some evidence of internal structure (Fig.  1b ). Oocysts were readily differentiated from yeast cells by their staining characteristics. Yeast cells were typically AF negative, appearing pale green to gold under brightfield light and nonfluorescent under UV light. Pollen, spores, and other vegetative cells or debris would occasionally fluoresce under the UV light but were distinguishable by their size, geometric shape, and lack of internal structure.
The mean number of oocysts enumerated under UV light was significantly higher than the number found under brightfield light, with 1.2-11.4 times more oocysts observable under UV light (Fig. 2) . Although the number of oocysts enumerated under brightfield light was positively correlated with the number enumerated under UV light (R ϭ 0.83), the average number obtained under UV light was always greater than that obtained under brightfield light (slope Ͼ 1, Fig. 3 ).
Other investigators have reported that as few as 2-25% of the oocysts present in feces may be detected by AF staining. 5, 7, 12 The remaining 75-98% of oocysts do not display AF characteristics and appear as pale or unstained ghosts. Ghost oocysts are continually shed during infections 3 and increase in numbers during resolution of cryptosporidiosis. 2 The fact that ghosts escape normal centrifugation and do not float or sediment as expected combined with their AF negative characteristics under brightfield light microscopy give rise to false-negative results or inaccurate assessment of the severity of infection. Although ghosts have been described as empty cyst walls, 2,3 the presence of discernable internal structures within the ghosts under UV light examination in this study suggests otherwise.
The AF staining principle is not clearly understood. The Figure 3 . Correlation between the mean number of oocysts observed under brightfield and under UV conditions. The slope from linear regression analysis indicates that more oocysts were always observed under UV light than under brightfield conditions. lipid content of organisms is suspected to be directly related to their acid-fastness. Carbol fuchsin is more soluble in lipids than in acid-alcohol and thus resists decolorization. 4 Less than half (42%) of the oocysts displayed AF fast properties under brightfield light microscopy in the present study. However, when the AF stain was combined with epifluorescence, all oocysts, including ghosts, were easily visualized. The presence of ghost oocysts probably explains in part why the reported sensitivity of the IFA is greater than that of the AF stain for detecting C. parvum oocysts in feces. 16 In an earlier study, the threshold of detection was established at 10 4 oocysts/g of feces for a commercial IFA product d and 10 5 oocysts/g for the AF stain as described here under brightfield light. However, when the AF stain was combined with epifluorescence, the sensitivity of the AF stain increased 10fold, to 10 4 oocysts/g (data not shown).
In this laboratory, the AF stain has been used with epifluorescence to evaluate over 1,000 clinical and experimental fecal specimens collected from young calves and pigs. This method greatly improves the ease of detecting Cryptosporidium oocysts in fecal smears and enhances the sensitivity of the AF stain to levels comparable with IFA detection. Other AF parasites, such as Cyclospora, have also been visualized by this method. Although Cyclospora will autofluoresce with a 365-nm excitation filter, a separate wet mount must be made. An advantage to this method is that only one slide preparation for the detection of AF parasites is needed. Thus, this procedure offers a rapid inexpensive method for detecting Cryptosporidium and other AF parasites, such as Cyclospora, in fecal specimens.
